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(57) ABSTRACT

In a surface-mounted optical receiver module comprising a
substrate, a photodiode serving as a light receiving device
for converting an optical signal into an electrical signal, an
optical waveguide serving as an optical transmission line for
transmitting the optical signal to the photodiode, and an
amplifier device for amplifying the electrical signals, the
amplifier device 1s placed at a predetermined position on the
upper surface of the optical waveguide element, which 1s on
the same side as an optical waveguide (on the upstream side
in the optical-signal transmitting direction) relative to the
photodiode. This configuration eliminates the necessity of
additionally securing a space to provide the amplifier device,
whereby the size of the optical transmission module can be
reduced, and this allows the optical receiver module to
receive optical signals at high speed.
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1
OPTICAL RECEIVER MODULLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical receiver mod-
ule having a light receiving device that converts an optical
signal mto an electrical signal.

2. Description of the Background Art

In optical communication systems using light as an optfi-
cal transmission means, optical receiver modules having
light receiving devices for converting optical signals into
clectrical signals are used as receiving equipment for receiv-
ing optical signals through optical transmission lines such as

optical fiber lines (Refer to Japanese Patent Application
Publication No. 9-54228).

FIG. 9 1s a partly cutaway side view showing the con-
figuration of an example of a conventional optical receiver
module. The optical receiver module 6 1s a coaxial-type
module in which a photodiode 65 serving as a light receiving
device and the like are placed 1n a housing 60 such as a metal
package. Inside the housing 60 of the optical receiver
module 6, the photodiode 65, a ferrule 61, and a converging
lens 63 are arranged such that their optical axes are aligned
with one another. An optical signal mputted through an
optical fiber 62 extending 1n the ferrule 61 is 1ncident on a
photodiode 65 via the converging lens 63, and 1s then
converted to an electrical signal for output.

FIG. 10 1s a cross-sectional side view of another conven-
tional optical recerver module. FIG. 11 1s a top plan view of
the optical receiver module shown in FIG. 10. The optical
receiver module 7 1s a surface-mount type module 1n which
a photodiode 80 and an optical waveguide clement 85
having an optical waveguide 86 that transmits an inputted

optical signal to the photodiode 80 are placed on a substrate
70

In the optical recerver module 7, a ferrule 90, the optical
waveguide element 85 having the optical waveguide 86, and
the photodiode 80 are arranged such that their optical axes
are aligned with one another. An optical signal inputted
through an optical fiber 90 extending in the ferrule 61 is
incident on a photodiode 65 via the optical waveguide, and
1s then converted to an electrical signal for output. In the
coaxial optical receiver module 6 shown in FIG. 9, the size
1s 1ncreased because of the three-dimensional structure, and
this Iimits cost reduction. In contrast, in the surface-mount
type optical receiver module of FIGS. 10 and 11, the size and
cost of the module can be reduced. In an optical receiver
module, an amplifier device may be provided for amplifying
and outputting an electrical signal that has been converted
from an optical signal by a light receiving device. In the
coaxial optical receiver module 6 shown i FIG. 9, optical
clements such as the converging lens 63, e¢tc. and the ferrule
61 are placed upstream (upper side) of the photodiode 65,
and a metal base of the housing 60 1s located downstream
thereof (lower side).

In the optical receiver module 6 having such a
configuration, an amplifier device 1s placed outside the
housing 60, or distanced from the photodiode 65 inside the
housing 60. In this case, the connection length between the
photodlode 65 and the amplifier device is long, and this
increases the size of the module. Moreover, 1t 1s difficult to
amplily the electrical signals from the photodiode at high
speed, because of the impedance of a wire between the
photodiode 65 and the amplifier device.
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In the case where an amplifier device 1s provided 1n the
surface-mounted optical receiver module 7 shown 1n FIGS.
10 and 11, the substrate 71 1s placed on the downstream side
relative to the photodiode 80, and the amplifier device 81 is
mounted on the substrate 71. However, in such a
conilguration, 1t 1s difficult to sufficiently shorten the con-
nection length between the photodiode 80 and the amplifier
device 81. Moreover, since 1t 1s necessary to secure a space
to provide the amplifier device 81 1n addition to the optical
wavegulde element 85 and the photodiode, the optical
receiver module 1s increased 1n size.

In recent years, optical transmission systems have been
required to increase the transmission data-rate at which
optical signals are transmitted for communication, for
example, from 1 Gbps to 5 Gbps. Optical receiver modules
for receiving optical signals are similarly required to have a
higher transmission data-rate. In addition, 1n order to
achieve optical communication systems capable of efli-
ciently conducting multiple communications, size reduction
of optical modules, such as an optical receiver module, 1s
necessary.

SUMMARY OF THE INVENTION

The present invention has been made to meet the above
requirements, and an object of the present 1nvention 1s to
provide a compact optical receiver module capable of high-
speed receiving of optical signals.

In order to achieve the above object, the present invention
provides an optical receiver module comprising: a light
receiving device placed on a substrate and used for convert-
ing an optical signal 1nto an electrical signal; an optical
transmission line placed on the substrate together with the
light recerving device and used for transmitting and 1nput-
ting the optical signal to the light receiving device; and an
amplifier device placed at a predetermined position on the
same side as the optical transmission line with respect to the
light receiving device, and used for amplifying the electrical
signals converted by the light receiving device.

The light receiving device used in the optical receiver
module may be a photodiode.

The optical transmission line may be a planar surface
optical waveguide. Alternatively, the optical transmission
line may be an optical fiber or an optical fiber covered with
a ferrule.

In the optical receiver module, N-number (N is an integer
of two or more) of said light receiving devices may be
arranged 1n parallel, and N-number of said optical transmis-
sion lines and N-number of said amplifier devices may be
arranged 1n parallel corresponding to said N-number of light
receiving devices.

This makes 1t possible to receive multi-channel optical
signals by the single optical receiver module, and to further
reduce the size of the optical receiver module per optical
signal.

A submount for mounting the amplifier device thereon
may be provided between the amplifier device and the
optical transmission line. This enables the amplifier device
to be placed together with an optical transmission line at a
suitable position on the same side as the optical transmission
line relative to the light receiving device.

A metal lead frame may be provided as an electrical
connecting means for directing electrical signals amplified
by the amplifier device to the outside. This allows the
electrical signals to be read from the outside of the optical
receiver module 1n a preferable manner.
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The light receiving device, the optical transmission line,
and a predetermined optical path through which an optical
signal passes may be covered by molding of a transparent
resin. Alternatively, the enfirety of the optical receiver
module containing the substrate, the light receiving device,
the optical transmission line, and the amplifier device may
be molded with a resin. In this case, the components of the
optical receiver module can be held reliably.

As described above 1n detail, the optical receiver module
of the present invention has the following advantages. The
above optical receiver module has a surface-mounted struc-
ture 1n which the light receiving device and the optical
transmission line are placed on the substrate, and the ampli-
fier device for amplifying the electrical signals 1s placed on
the same side as the optical transmission line (upstream side)
with respect to the light receiving device. Consequently, 1t 1s
unnecessary to secure a space to provide the amplifier device
in addition to the space for the optical transmission line and
the light receiving device, and hence the size and the
production cost of the module can be reduced.

Since the amplifier device can be placed close to the light
receiving device, the connection length between the light
receiving device and the amplifier device can be reduced
substantially. Consequently, the 1mpedance of wiring
between the light receiving device and the amplifier device
1s reduced, and the electrical signals from the light receiving
device can be amplified at high speed. As a result, 1t 1s
possible to achieve an optical receiver module capable of
high-speed receiving of optical signals.

Further objects, features, and advantages of the present
invention will become apparent from the following descrip-
fion of the preferred embodiments with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional side view of an optical receiver
module according to a first embodiment of the present
mvention;

FIG. 2 1s a top plan view of the optical receiver module
shown 1n FIG. 1;

FIG. 3 1s a perspective view showing the external appear-
ance of the optical receiver module shown 1n FIGS. 1 and 2;

FIG. 4 1s a sectional side view of an optical receiver
module according to a second embodiment of the present
mvention;

FIG. § 1s a top plan view of the optical receiver module
shown 1n FIG. 4;

FIG. 6 1s a cross-sectional view of the optical receiver

module shown 1n FIGS. 4 and 3, as taken along the lines I—1I
m FIG. 5;

FIG. 7 1s a sectional side view of an optical receiver
module according to a third embodiment of the present
mvention;

FIG. 8 1s a top plan view of the optical receiver module
shown 1n FIG. 7,

FIG. 9 1s a partly cutaway side view of a conventional
optical receiver module; and

FIG. 10 1s a sectional side view of another conventional
optical receiver module;

FIG. 11 1s a top plan view of the optical receiver module
shown 1n FIG. 10.

DETAILED DESCRIPTION OF THE
INVENTION

Optical recerver modules according to the preferred
embodiments of the present mvention will be described 1n
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detail below with reference to the attached drawings. In the
drawings, the same components are denoted by the same
reference numerals, and redundant descriptions thereof are
omitted. The proportions adopted 1n the drawings and 1n the
descriptions are not necessarily equal to each other.

FIG. 1 1s a sectional side view of an optical receiver
module according to a first embodiment of the present
invention. FIG. 2 1s a top plan view of the optical receiver
module shown 1n FIG. 1. The side view of the optical
receiver module shown in FIG. 1 1s a cross-section including
the center axis thereof that 1s 1n parallel with a direction of
transmission of optical-signals (lateral direction in FIG. 2) in
the optical receiver module.

An optical recerver module 1A 1s a surface-mounted type
optical module mm which mputted optical signals are con-
verted 1nto electrical signals to be received. The optical
receiver module 1A 1ncludes a substrate 10, a photodiode 20,
a planar surface optical waveguide element 25, and an
amplifier device 30.

The photodiode 20 1s a waveguide type light receiving
device for converting optical signals, which have been
inputted for reception by the optical receiver module 1A,
into electrical signals. The photodiode 20 1s placed on the
substrate 10. The optical waveguide element 25, which 1s
also provided on the substrate 10, includes a planar surface
optical waveguide 26 serving as an optical transmission line
for transmitting the inputted optical signal to the photodiode

20.

The photodiode 20 and the optical waveguide element 25
are arranged such that the optical axis of the photodiode 20
and the optical axis of the optical waveguide 26 serving as
the optical transmission line are aligned with each other.
This allows an optical signal emitted from a downstream end
of the optical waveguide 26 to efficiently enter the photo-
diode 20. An upstream end of the optical waveguide element
25 1s connected to a ferrule 40. The ferrule 40 1s placed such
that the optical waveguide 26 and an optical fiber 41
extending in the ferrule 40 for mputting an optical signal are
connected optically.

The amplifier device 30 1s a circuit device for amplifying,
the electrical signals converted from optical signals by the
photodiode 20. The amplifier device 30 1s placed at a
predetermined position on the upper surface of the optical
waveguide element 25. That 1s, the amplifier device 30 1s
placed at a predetermined position on the same side as the
optical waveguide 26 serving as the optical transmission line
with respect to the photodiode 20. In order to input an
clectrical signal to the amplifier device 30, electrodes 21 of
the photodiode 20 and corresponding electrodes 31 of the
amplifier device 30 are electrically connected by bonding

wires. The amplifier device 30 1s formed of, for example, an
S1—IC or a GaAs—IC.

A metal lead frame 11 provided on the bottom surface of
the substrate 10 serves as an electrical connecting means for
directing electrical signals amplified by the amplifier device
30 to the outside. The lead frame 11 has a predetermined
number of lead pins 12 arranged on the right and left sides
thereof as viewed from the center axis of the optical receiver
module 1A, the center axis being in parallel with the
direction of optical-signal transmission. In order to direct
clectrical signals amplified by the amplifier device 30
toward the outside, electrodes 32 of the amplifier device 30
and corresponding lead pins 12 of the lead frame 11 are
clectrically connected by bonding wires.

FIG. 3 1s a perspective view showing the external appear-
ance of the optical receiver module 1A shown 1 FIGS. 1 and
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2. The entirety of optical receiver module 1A containing the
substrate 10, the lead frame 11, the photodiode 20, the
optical waveguide element 25 having the optical waveguide
26, and the amplifier device 30 1s covered with a molding
made by transtfer-molding a predetermined resin. This mold-
ing forms the external shape of the optical receiver module
1A except that the lead pins 12 of the lead frame 11 and the

ferrule 40 protrude outward from the resin molding 15 as
shown 1n FIG. 3.

The photodiode 20, the optical waveguide 26 serving as
the optical transmission line, and an optical path, through
which optical signal passes, between the photodiode 20 and
the optical waveguide 26 are filled with a transparent resin
that 1s the same as or different from the resin of the molding
15. In FIGS. 1 and 2, only the outline of the resin molding,
15 1s shown by a broken line 1n order to show the inner
confliguration of the optical receiver module 1A.

In the above-described configuration, an optical signal
inputted from an optical fiber 41 extending in the ferrule 40
enters the photodiode 20 via the optical waveguide 26 of the
optical waveguide element 25 and the optical path between
the photodiode 20 and the optical waveguide 26, and 1is
converted 1nto an electrical signal. The electrical signal
converted from the optical signal by the photodiode 20 is
inputted 1n the amplifier device 30, and after amplification 1s

outputted to the outside through the corresponding lead pins
12 of the lead frame 11.

Advantages of the optical recerver module 1A of the first
embodiment shown 1n FIGS. 1 to 3 will now be described.
The optical receiver module 1A has a surface-mounted
structure 1n which the photodiode 20 serving as the light
receiving device and the optical waveguide element 25
having the optical waveguide 26 serving as the opftical
transmission line are placed on the substrate 10. The ampli-
fier device 30 for amplifying an electrical signal 1s placed on
the same side as the optical transmission line, that 1s, on the
upstream side relative to the photodiode 20 1n terms of the
direction of optical-signal transmission.

This eliminates the necessity of securing a space on the
downstream side, for example, to provide the amplifier
device 1n addition to the space for the photodiode 20 and the
optical waveguide element 25 serving as the optical trans-
mission line. Accordingly, the size and cost of the optical
receiver module 1A can be reduced. Moreover, an opftical
receiver module 1A having such structure 1s superior 1n
terms of mass productivity.

Since the amplifier device 30 can be placed close to the
photodiode 20, as described above, the connection length
therebetween can be shortened sufficiently. Consequently,
the 1mpedance of the wires therebetween can be reduced,
and the photodiode 20 can receive optical signals at high
speed. As a result, 1t 1s possible to achieve an optical receiver
module that can receive optical signals at high speed.

In the first embodiment, the metal lead frame 11 1s used
as the electrical connecting means for outputting the elec-
trical signals amplified by the amplifier device 30 to the
outside.

Since the entirety of the opftical receiver module 1A
containing the substrate 10, the photodiode 20, the optical
wavegulde element 25, and the amplifier device 30 1s
covered with the resin molding 15, the components of the
optical receiver module 1A can be held reliably.
Furthermore, since the photodiode 20, the optical waveguide
clement 25, and the predetermined optical paths through
which an optical signal passes are filled with transparent
resin, the components of the optical receiver module 1A can
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6
be held reliably, and optical signals can be transmitted at a
su

ticient transmittance.

It 1s preferable to use as the transparent resin a resin that
can sufliciently transmit light having a wavelength corre-
sponding to an optical signal to be received by the optical
receiver module 1A. The resin for the molding 15 of the
entire module may be transparent, although 1t 1s not of
essential necessity. The entire receiver module may have a
formation other than a resin molding, depending on its
specific configuration, for example.

An example of a production method and a configuration

for the optical recerver module 1A of the first embodiment
will now be described.

In the first embodiment, first, a (100) Si substrate (for
example, 3 mmx7 mmx1.5 mm) is prepared as a substrate
10. Then, a thermal oxide film made of S10, 1s formed on
the S1 substrate 10, and thereon formed in the enumerated

order are an under-cladding layer (10 #m in thickness) made
of S10,, a core layer (6 umx6 um) made of S10,—GeO, and
having a linear waveguide pattern corresponding to an
optical waveguide 26, and an over-cladding layer (10 um in
thickness) made of SiO,. The multilayer structure thus

obtained forms a planar surface optical waveguide element
25.

Subsequently, 1n the multilayer structure formed as the
optical waveguide element 25, a portion thereof, where a
photodiode 1s to be placed, within a predetermined area on
the S1 substrate 10, 1s removed by etching, and a metalized
layer (metalized pattern) 1s formed in the portion so that the
photodiode 20 1s to be soldered thereon. A photodiode 20 1s
mounted at predetermined positions on the S1 substrate 10,
and an amplifier device 30 1s mounted at a predetermined
position on the optical waveguide element 25, and corre-
sponding electrodes are mterconnected with Au or Al wires
by wire bonding.

Subsequently, the substrate 10 1s bonded to a base metal
of a lead frame 11. A ferrule 40 through which an optical
fiber 41 extends 1s fixed to abut an optical waveguide 26 of
the optical waveguide element 26. The photodiode 20, an
optical waveguide 26, and an optical path portion through
which light passes between the photodiode 20 and the
optical waveguide 26 are potted with a silicone resin as the
transparent resin. Furthermore, the enfirety thus formed 1is
transfer-molded with epoxy resin to form the resin molding
15 that constitutes an external shape of the module.

According to the above-described constitution and pro-
duction method, the optical receiver module 1A shown 1in
FIGS. 1 to 3 can be suitably produced. The configuration of
the optical recertver module and the production method
therefor are not limited to those 1n the above first embodi-
ment. For example, mstead of the Si substrate, a ceramic
(Al,O;) substrate may be used as the substrate 10.

FIG. 4 1s a sectional side view of an optical receiver
module according to a second embodiment of the present
mvention. FIG. 5 1s a top plan view of the optical receiver
module shown 1n FIG. 4. An optical receiver module 1B of
the second embodiment 1s a surface-mounted type optical
receiver module that includes a substrate 10, a photodiode
20, and an amplifier device 30.

The photodiode 20 1s a light receiving device for receiv-
ing an 1nputted optical signal that 1s to be received by the
optical receiver module and converting the optical signal
into an electrical signal. The photodiode 20 1s placed on the
substrate 10. A ferrule 40 1s also placed on the substrate 10.
An optical fiber 41 serving as an optical transmission line for
transmitting an iputted optical signal 1s provided extending
in the ferrule 40.




US 6,324,313 B2

7

The photodiode 20 and the optical fiber having ferrule 4(
are arranged such that the optical axis of the photodiode 20
and the optical axis of the optical fiber 41 serving as the
optical transmission line are aligned with each other. This

allows an optical signal emitted from a downstream end of
the optical fiber 41 to efficiently enter the photodiode 20.

The amplifier device 30 1s a circuit device for amplitying
an electrical signal, and 1s placed at a predetermined position
above the ferrule 40 containing the optical fiber. That 1s, the
amplifier device 30 1s placed at a predetermined position on
the same side as the ferrule 40 and the optical fiber 41 for an
optical transmaission line relative to the photodiode 20. In
order to mnput an electrical signal from photodiode 20 to the
amplifier device 30, the electrodes 21 of the photodiode 20
and the corresponding electrodes 31 of the amplifier device

30 are electrically connected by bonding wires.

FIG. 6 1s a cross-sectional view of the optical receiver
module 1B, taken along the lines I—I 1n FIGS. 4 and 5. In
the second embodiment, as shown 1n FIG. 6, a submount 35
which crosses over the ferrule 40 containing the optical fiber
1s placed on the substrate 10 and between the amplifier
device 30 and the ferrule 40 containing the optical fiber 41
for the optical transmission line such that the amplifier
device 30 1s placed on the upper surface of the submount 35.

A metal lead frame 11 having a predetermined number of
lead pins 12 arranged on the right and left sides thereof 1s
provided on the bottom face of the substrate 10. In order to
output electrical signals amplified by the amplifier device
30, electrodes 32 of the amplifier device 30 and correspond-
ing lead pmns 12 of the lead frame 11 are electrically
connected by bonding wires.

In the optical receiver module 1B, the entirety thereof
containing the substrate 10, the lead frame 11, the photo-
diode 20, the ferrule 40 having the optical fiber 41 extending
theremn, and the amplifier device 30 1s made of a molding
formed by transter-molding with a predetermined resin such
that the molding forms the exterior shape of the optical
receiver module 1B. However, the lead pins 12 of the lead
frame 11 and the ferrule 40 having the optical fiber therein
protrude outward from the resin molding 15. The photodiode
20, the optical fiber 41 for the optical transmission line, and
an opftical path through which an optical signal passes
between the photodiode 20 and the optical fiber 41 are filled
with a transparent resin that 1s the same as or different from
the resin molding 15.

In the above-described configuration, an optical signal
inputted into an optical fiber 41 extending in the ferrule 40
enters the photodiode 20 via the optical fiber 41 and the
optical path between the photodiode 20 and the optical fiber
41, and 1s converted into the electrical signal. The electrical
signals converted from the optical signals by the photodiode
20 are inputted into the amplifier device 30 and after
amplification are outputted therefrom to the outside through
the corresponding lead pins 12 of the lead frame 11.

Advantages of the optical receiver module 1B of the
second embodiment shown in FIGS. 4 to 6 will now be
described. The optical recerver module 1B has a surface-
mounted structure, and the amplifier device 30 1s placed on
the same side as the optical transmission line (on the
upstream side) relative to the photodiode 20. Accordingly,
the size of the optical receiver module 1B can be reduced.
Furthermore, since the amplifier device 30 1s placed close to
the photodiode 20, the connection length therebetween can
be shortened sufficiently, and the photodiode 20 can receive
optical signals at high speed. Therefore, it 1s possible to
achieve an optical recerver module that can receive optical
signals at high speed.

5

10

15

20

25

30

35

40

45

50

55

60

65

3

In the second embodiment, the amplifier device 30 1s
placed on the submount 35. Because of using the submount
35, the amplifier device 30 can be properly placed on the
same side as the optical transmission line relative to the
photodiode 20. For example, 1n a case in which the optical
fiber having ferrule 40 1s used as the optical transmission
line for transmitting an optical signal to the photodiode 20,
as 1 the second embodiment, by providing the submount 35
that crosses over the ferrule 40, the amplifier device 30 can
be positioned such that 1t does not touch the portion of the
ferrule 40 protruding on the substrate.

FIG. 7 1s a sectional side view of an optical receiver
module according to a third embodiment of the present
invention. FIG. 8 1s a top plan view of the optical receiver
module shown 1 FIG. 7. An optical receiver module 1C 1is
a surface-mounted type optical receiver module that
includes a substrate 10, a photodiode array 22, a planar

surface optical waveguide element 27, and an amplifier
device 50).

The photodiode array 22, which 1s provided on the
substrate, 1s a light receiving device array in which
N-number (N is an integer of two or more) of photodiodes
serving as light receiving devices are arranged 1n parallel so
as to convert respective optical signals into electrical signals
with respect to N-channels of optical signals to be received
by the optical receiver module 1C. FIGS. 7 and 8 show a
four-channel structure (N is four) as an example.

In addition to the photodiode array 22, the optical
waveguide element 27 1s also placed on the substrate 10. The
optical waveguide element 27 has N-number of planar
surface optical waveguides 28 serving as optical transmis-
sion lines for transmitting N-channels of optical signals to
the corresponding photodiodes. The N-number of optical
waveguides 28 1s arranged 1n parallel corresponding to the
N-number of photodiodes of the photodiode array 22.

The photodiode array 22 and the optical waveguide
clement 27 are arranged such that the optical axes of the
photodiodes and the optical axes of the corresponding
optical waveguides 28 serving as the optical transmission
lines are aligned with each other. This allows optical signals
emitted from downstream ends of the optical waveguides 28
to efhiciently enter the corresponding photodiodes of the
photodiode array 22.

A ferrule 42 1s connected to the upstream end of the
optical waveguide element 27. The ferrule 42 has a structure
that can form an optical fiber ribbon such that N-number of
optical fibers 43 for inputting optical signals extend in
parallel therein as shown 1n FIG. 8. The ferrule 42 1s placed
such that the optical fibers 43 are optically connected to the
corresponding optical waveguides 28.

The amplifier device 50 1s a circuit device that has
N-number of amplifiers for amplifying electrical signals
converted from optical signals by N-number of photodiodes
of the photodiode array 22 The amplifier device 50 1s placed
at a predetermined position on the upper surface of the
optical waveguide element 27. That 1s, the amplifier device
50 1s placed at a predetermined position on the same side as
the optical waveguides 28 serving as the optical transmis-
sion lines, relative to the photodiode array 22. In order to
input electrical signals from the respective photo diodes of
the photodiode array 22 to N-number of corresponding
amplifiers of the amplifier device 50, the respective elec-
trodes 23 of the photodiode array 22 and the corresponding
clectrodes 51 of the amplifier device 50 are electrically
connected by bonding wires, respectively.

A metal lead frame 11 1s provided on the bottom face of
the substrate 10. The lead frame 11 functions as an electrical




US 6,324,313 B2

9

connecting means to output the electrical signals amplified
by each of N amplifiers of the amplifier device 50. The lead
frame 11 has a predetermined number of lead pins, and on
both right and left sides of the center axis thereof, which 1s
in parallel with the direction of transmission of optical-
signals 1n the optical recerver module 1C. In order to output
clectrical signals amplified by the N-number of respective
amplifiers of the amplifier device 50, the respective elec-
trodes 52 of the amplifier device 50 and the corresponding
lead pins 12 of the lead frame 11 are electrically connected
by bonding wires.

In the optical receiver module 1C, the entirety thereof
containing the substrate 10, the lead frame 11, the photo-
diode array 22, the optical waveguide element 27 having the
optical waveguides 28, and the amplifier device 50 1is
transter-molded with a predetermined resin, and the resin
molding 15 thus formed defines the exterior shape of the
optical receiver module 1C. However, the lead pins 12 of the
lead frame 11 and the ferrule 42 protrude outward from the
resin molding 15. The photodiode array 22, the optical
waveguides 28 serving as the optical transmission lines, and
an optical path through which an optical signal passes
between the photodiode array 22 and the optical waveguides
28 are filled with a transparent resin that 1s the same as or
different from the resin of the resin molding 15.

In the above-described configuration, N-channels of opti-
cal signals inputted from the individual N-channels of
optical fibers 43 inserted in the ferrule 42 enter the
N-number of photodiodes of the photodiode array 22,
respectively, via the optical waveguides 28 of the optical
waveguilde element 27 and paths between the optical
waveguides 28 and the photodiodes, and are then converted
into electrical signals. The respective electrical signals con-
verted from optical signals of N-channels by the photodiode
array 22 are inputted into the amplifier device 50, and after

amplification are outputted from the corresponding lead pins
12 of the lead frame 11.

Advantages of the optical receiver module 1C of the third
embodiment will be described. The optical receiver module
1C shown 1 FIGS. 7 and 8 has a surface-mounted structure,
and the amplifier device 50 1s placed on the same side as the
optical transmission lines (upstream side) relative to the
photodiode array 22. This can reduce the size of the optical
receiver module 1C. Moreover, since the amplifier device 50
1s placed close to the photodiode array 22, the connection
lengths between the photodiodes of the photodiode array 22
and the corresponding amplifiers of the amplifier device 50
can be sufliciently reduced. Consequently, the photodiodes
can receive optical signals at high speed, and the optical
receiver module 1C 1s capable of high-speed receiving of
optical signals, accordingly.

In the third embodiment, the photodiode array 22 includ-
ing N-number (N is an integer of two or more) of photo-
diodes arranged i1n parallel therein 1s used as the light
receiving device, and the optical waveguide element 27
including N-number of optical waveguides 28 arranged 1n
parallel therein and the amplifier device 50 1including
N-number of amplifiers arranged in parallel therein, each
corresponding to the N-number of photodiodes, are used as
the optical transmission lines and the amplifiers, respec-
tively. Consequently, N-channel (multiple-channel) optical
signals can be received by the single optical receiver module
1C, and the size of the optical receiver module per optical
signal can be reduced further.

The optical receiver module of the present invention is not
limited to the above-described embodiments, and various
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modifications are possible. For example, photodiodes other
than waveguide type mn FIG. 1 are available. Surface-
illuminated type or rear-illuminated type photodiodes are
also available. A device other than the photodiode may be
used as the light receiving device for converting an optical
signal to an electrical signal. The optical transmission line
1s not limited to the planar surface optical waveguide and the
optical fiber having ferrule, and for example, an optical fiber
having no ferrule may be used.

While the planar surface optical waveguides are used as
the optical transmission lines for transmitting N-channel
optical signals to the light receiving devices 1n the optical
receiver module 1C shown 1 FIGS. 7 and 8, a similar
structure 1s also available 1n a case 1n which N-number of
optical fibers are used as the optical transmission lines.

What 1s claimed 1s:

1. An optical receiver module comprising:
a substrate;

a light receiving device placed on said substrate and used
for converting an optical signal 1into an electrical signal;

an optical transmission line disposed on said substrate
together with said light receiving device and used for
transmitting the optical signal to said light receiving
device; and

an amplifier device for amplifying said electrical signal
converted from the optical signal by said light receiving
device, said amplifier device being placed at a prede-
termined position on the same side as said optical
transmission line relative to said light receiving device.

2. An optical receiver module according to claim 1,
wherein said light receiving device 1s composed of a pho-
todiode.

3. An optical receiver module according to claim 1,
wherein said opfical transmission line 1s composed of a
planar surface optical waveguide.

4. An optical recerver module according to claim 1,
wherein said optical transmission line 1s composed of an
optical fiber or a ferrule having an optical fiber extending
therein.

5. An optical receiver module according to claim 1,
wherein N-number (N is an integer of two or more) of said
light receiving devices are arranged in parallel, and
N-number of said optical transmission lines and N-number
of said amplifier devices are arranged, respectively 1n
parallel, corresponding to said N-number of light receiving,
devices.

6. An optical recerver module according to claim 1,
further comprising:

a submount for mounting said amplifier device thereon,
said submount being provided between said amplifier
device and said optical transmission line.

7. An optical receiver module according to claim 1,

further comprising:

a metal lead frame serving as electrical connecting means
for outputting said electrical signals amplified by said
amplifier device to the outside.

8. An optical recerver module according to claim 1,
wherein said light receiving device, said optical transmis-
sion line, and a predetermined optical path through which an
optical signal passes are filled with a transparent resin.

9. An optical recerver module according to claim 1,
wherein the entirety of said optical transmission module
containing said substrate, said light receiving device, said
optical transmission line, and said amplifier device 1s cov-
ered with a resin molding.
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